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ABSTRACT 



A content addressable memory (CAM) system, is dis- 
closed for writing data including a key portion and an 
extended portion, and for reading the extended portion 
in response to the match of a search key a key portion of 
the data. The system includes a conventionally ad- 
dressed RAM, organized into segments, each segment 
of which is identified by a starting address. It also in- 
cludes a CAM, also organized into words. Each of the 
words of the CAM is identified by a CAM address. 
Data to be written into the memory includes a key 
portion and an extended data portion. The key portion 
of the data is written into the CAM at a selected ad- 
dress, and the extended portjnn i& written into a 
segment of the random access memory- which begins at 
an address determined from the selected address. Data 
in the random access memory is read by searching the 
CAM for a search key and then using address of match- 
ing entries found in the CAM to generate address values 
for t he random access me mory,. The random access 
memory is then addressed to fetch the extended data 
associated with each of the matching entries. In one 
exemplary embodiment, the memory system is used to 
hold a datab ase of television programs in a cable televi- 
sion scEeHuLng system. 

8 Claims, 8 Drawing Sheets 
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such a control system, because it reduces the flexibility 
CONTENT ADDRESSABLE MEMORY SYSTEM of the system for operators. 

Content-addressable memories (CAM) are known to 
FIELD OF THE INVENTION bypass the sequential-access limitations of conventional 

n .. . ^ , ^ . , . . 5 random-access memories, as described, for example, in 

This invention relates to memory devices and mo e ^ and Associative Memory: 

particularly to a free-standmg intent addressable Alternatiyes tQ the RAMt by chisvin et al., 

memory system which can be used to hold a database. pnhlished at pp 51 _ 63 of ^ July , 1989 ^ of COM - 

BACKGROUND OF THE INVENTION PUTER, published by IEEE, and A General-Purpose 

, . , , , _ 10 CMOS Associative Processor IC and System, by Storman 

Many systems which rely on databases employ a e tal., published at pp 68-77 of the December, 1992 issue 
keying scheme to aid in the searching of the database. of mEE Micro. As pointed out in the Storman et al. 
Records in the database are stored in a somewhat ran- article, there are no general-purpose content-addressa- 
dom order and then an index is generated to link the D i e memories, because of considerations of word hits 
database records into sequence based on a portion of the 15 and word length. A CAM system adapted for use in the 
data. This portion is commonly referred to as the key. control of video or audio prograrnming is desired. 

In conventional data processing systems, the con- 
struction of the index and the accessing of the data SUMMARY OF THE INVENTION 
based on the index file may require a number of process- The present invention is embodied in a free-standing 
ing steps. This method of storing and accessing data is 20 content addressable memory (CAM) arrangement, 
not appropriate, therefore, in a real-time processing which holds data for a database including a key portion 
environment in which data must be processed quickly. and an extended portion. The extended data may be 
In addition, for databases having relatively small re- accessed in response to a search key which matches or 
cords, the index file may be almost as large as the data- is associated with the key portion of the data. The key 
base itself. 25 portion is held in a conventional CAM while the ex- 

In video scheduling, for example, a particular pro- tended data portion is held in a conventional random 
gram schedule is likely to be built up a bit at a time, with access memory (RAM). 

the broadcast time of some programs being decided According to one aspect of the invention, the ex- 
before the broadcast time of other programs, and with tended data is arranged in segments in the RAM, each 
frequent changes in the lineup. This has the result that 30 segment being identified by a starting address, 
when the data relating to the program time is stored in 1x1 one embodiment of the invention, each database 
memory, the starting and ending times of the various record spans several multi-bit words, the CAM stores 
programs are in a random order in the memory. one ^ ch word » 311(1 the conventional RAM stores the 

It is likely, in fact, that the broadcast time of the most remaining words associated with each database record, 
popular or important programs will be decided early 35 f *^ ent ^ 

during the program-generation process, with less- portion is identified bya CAM word address. A writing 
important or "filler'' programs being decided later, and arrangement is coupled to the random access memory 
changed frequently.Ae^lem h exacerbated when - ^d io_^e cpntent-ado^e^^ 

rWshort^mmercial messages must be interspersed An ^ to * ™ ^o memory, which data to be wnt- 
* w u a ♦ 40 ten includes a key portion and an extended portion, for 

with the mam program Many broadcast stauonshave "portion of the data into the content 

random-access automated television tar* cartridge mem £y * a selected address thereof, and 

players, which can accept instruction* for example for ^ ^ extended ^ of the ^ mt0 a 
from a scheduling computer, to play particular tapes in meQt of ^ access memory which ^ derived 

the system in any order. 45 from ^ ejected address at which the key portion is 

In order to automate such a system, the desired iden- mtQ ^ addressab i e memory, 

tified program selections must be placed in a database, ^ of ^ invention, the data in the 

together with their starting and ending times, and fre- RAM ^ ^ read by supplying a search key to the 
quent comparisons must be made between the current CAM and simultaneously searching at least a portion of 
time and the starting and ending time of each program 5Q me m me CAM to identify entries that match at 
in the database. A conventional computerized schedul- least a portion of the search key. When all such entries 
ing system must either use an indexed database, such as ^ve been identified, their addresses are provided in 
the one described above, or it must sequentially search sequence such that all extended data entries in the data- 
all the database entries at each time of interest. If there base which correspond to the search key may be pro- 
are a large number of entries, the search time may be 55 vj ded sequentially to the host processor, 
considerable, and may preempt the operations of the According to yet another aspect of the invention, the 
scheduling computer during the comparisons. This pre- entries in the CAM may include cell control bits which 
emption can cause delays in implementing last-minute allow the data in the database to be functionally re- 
schedule changes since the scheduling computer cannot stricted into classes which may influence search opera- 
be used to add information to the database or to review 60 tions. 

the existing schedule while it is searching for the next A particular embodiment of the invention finds appli- 
scheduled event cation in a video or cable television scheduling system. 



The duration of each search may increase the mini- 
mum time increment between adjacent starts and stops. 



DESCRIPTION OF THE DRAWINGS 



This may be disadvantageous, as some commercial mes- 65 FIG. 1 is a simplified block diagram of a content- 
sages may be as short as ten seconds, and they may addressable memory arrangement according to the in- 
conceivably have an even shorter duration. It is unde- vention, which includes an input/output buffer, a tim- 
sirable to have a minimum time interval or increment in ing generator and synchronization (TGS) module, com- 
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maud and data latches, a command index read-only EXTENDED DATA word(s) is (e) extended informa- 

memory (ROM), an address counter, a micro-ins true- tion. 

tion electrically programmable read-only memory In general, the COMMAND words each contain 

(EPROM), a data selector, a content-addressable mem- three fields, which carry two or more of the command 

ory (CAM) and an extended-data RAM; 5 code, search key, data mask, and address information, 

FIG. 2a illustrates the format of a COMMAND word and the information in the COMMAND word is pro- 
conveying a DATA— WRITE command, FIG- 2b illus- cessed in association with the content-addressable mem- 
trates the format of a COMMAND word conveying a ory portion of the architecture. The CAM information 
MASK—WRITE command, and FIG. 2c illustrates a in the COMMAND word, in turn, identifies by its ad- 
COMMAND word conveying a COMPARE com- 1° dress the starting address of the fixed-size segment of 
mand; extended information stored in the associated RAM. 

FIG. 3 is a simplified block diagram of the input-out- Each COMMAND word applied to the CAM includes 

put buffer of FIG. 1; an eight-bit Command (CMD) code in its most signifi- 

FIG. 4 is a simplified block diagram of the input/out- cant byte position, 
put buffer, TGS module, command and data latch por- 15 The Command code specifies the function to be por- 
tions of FIG. 1; formed by the memory system; whether information is 

FIG. 5 is a simplified block diagram of the command to be stored in content-addressable memory, compared 

index ROM, address counter and micro-instruction with information already stored in content-addressable 

EPROM of FIG. 1; memory, or used to modify the operation of the mem- 

FIG. 6 is a simplified block diagram of the data selec- ory system. The command code also aids in decoding 

tor, CAM and extended-information RAM of FIG. 1; the other fields of the COMMAND word. In addition 

FIG. 7 is a simplified block diagram of the extended- to a Command code, each COMMAND word includes 

information RAM of FIG. 6; and a second field, in its least significant two bytes, which 

FIG. 8 illustrates the format of an EXTEN- may be © a data key (DATA— KEY), (u) a mask key 

DED— ADDR signal applied to a conventionally ad- (MASK—KEY), or (iii) a search key (SEAR- 

dressed extended-data RAM unit; CH-KEY). If the field holds a MASK-KEY, it is 

FIG. 9 is a simplified block diagram of a television transferred to the mask register of the CAM 62. If it 

program scheduling system which includes an embodi- holds a SEARCH— KEY, the key is used to search the 

ment of the present invention. 3Q data in the CAM 62. If the field holds a DATA— KEY 

rJFSPRTPTTON OF THF INVENTION ^ key * St °" 5d m ±C CAM 62 1x1 ^ moa to Com ' 

DESCRIPTION OF THE INVENTION ^ key portions, a COMMAND to store data 

Information or data for a database according to the into the CAM 62 includes a CAM address, which speci- 

invention are carried by two types of words, a COM- fies the location within CAM at which the search key is 

MAND word, which has a fixed number of bits, such a 35 stored. 

32 bits, and one or more EXTENDED DATA words, FIG. 3 is a block diagram of circuitry suitable for use 
each of which also has a fixed number of bits, such as 32. as the bidirectional I/O buffer 10. Referring to FIGS. 1 
Each combination of a command word and a group of AND 3, four of the bit lines of 36-bit EDIO bus 12 of 
-EXTENDED DATA words constitutes a record of the- - FIG. 1 are control lines,- and-the reniaining-32 bit lines 
database. In this record, various fields are defined. 40 are for data. Two of the four control bit lines of 36-bit 
Records are stored into, and fetched from the data- bus 12, namely control lines 12d and 12b, are used for 
base by issuing commands to the memory. One 32-bit input control signals designated HOST— READ and 
word is used for the command. If the command is to HOST— WRITE, respectively. The other two control 
store a record into the memory, the EXTENDED lines, namely control lines 12e and 12c carry output 
DATA words which constitute the record are provided 45 control signals designated OUTPUT—READY and 
to the memory immediately after the command word. INPUT— FULL, respectively. For simplicity, the con- 
In general, the COMMAND words are processed in trol lines themselves may be named with the name of 
association with the content-addressable portion of the the signals which they carry. The remaining 32 bits of 
CAM system, and the EXTENDED DATA words 36-bit bus 12 are available to carry data, including the 
associated with the various COMMAND words are 50 above mentioned COMMAND and EXTEN- 
stored in conventionally addressed random-access DED— DATA words. 

memory (RAM), all as described in more detail below. In order to communicate with the memory system of 

FIG. 1 is a simplified block diagram of a content- FIG. 1, a 32-bit COMMAND data word is loaded onto 

addressable memory system 1 having an architecture in the 32 bit data portion of EDIO bus 12, and the HOS- 

accordance with the invention, which operates gener- 55 T— WRITE control line is asserted by applying a signal 

ally as described above. In FIG. 1, data to be stored is to switch the HOST— WRITE control line 12b from a 

received from a host processor at an input-output (I/O) logic high state or level Q.O&C 1) to a logic low level 

port of a bidirectional buffer 10 (also designated Ul) (logic 0). This transition causes 32 data bits on EDIO 

over a 36-bit external data input/output (EDIO) bus 12, bus 12 to be transferred into buffer 10. In the exemplary 

and data retrieved from storage is coupled out over the 60 embodiment of the invention, the buffer 10 has a capac- 

EDIO bus 12 to the host processor. Buffer 10 is a tern- ity of 256 32-bit words. 

porary store for data entering and leaving the memory If buffer 10 is temporarily full, and can accept no 

system. data, the buffer 10 notifies the host processor (not 

The information carried by each 32-bit COMMAND shown) of this condition by asserting a logic 0 on the 

word applied over bus 12 of FIG. 1 may be classified 65 control signal INPUT— FULL control line 12c of bus 

into one of four broad groups, depending upon the 12. If the host processor ignores this signal and attempts 

function to be performed, (a) command, (b) search key, to write data to the buffer, the buffer 10 will ignore the 

(c) data mask, and (d) address. The data carried by the HOST— WRITE signal and the data may be lost 



04/12/2004, EAST 



Version: 1.4.1 



Once the INPUT FULL control signal has been 
asserted, the buffer 10 remains full until it is read, 
whereupon new data can once again be written into the 
buffer by asserting the HOST— WRITE signal. After 
data has been written into buffer 10 from the EDIO bus 5 
12, it is read by the remainder of the system of FIG. 1 
and processed in accordance with the command portion 
of the data. 

FIG. 2a illustrates the format of a 32-bit DATA- 
WRITE command word, which includes an eight-bit 10 
command (CMD) field in the eight most-significant bits 
(MSB) of the command word, extending from bit 24 to 
bit 31; an eight-bit CAM address field (CAM—ADDR) 
extending from bit 16 to bit 23; and a sixteen-bit data key 
portion (DATA— KEY) extending from bit zero to bit 15 
15. The 32-bit EXTENDED DATA word(s) associated 
with the command word of FIG. 2a are not restricted in 
format and, so, are not illustrated. 

The Command field of the command word is only 
used to control the operation of the memory system, it 20 
is not stored in the CAM as a part of the DATA — 
WRITE command. The command word of FIG. 2a is 
used in an ordinary information-write operation, in 
which the information in the DATA—KEY field is 
stored in the CAM 62, while the associated EX- 25 
TENDED DATA words (not illustrated in FIG. 2a) 
are stored in the RAM 63. The association of the ex- 
tended data in RAM with the search key stored in 
CAM is maintained by re-use of a portion of the CAM 
address field. As mentioned, the DATA— KEY field of 30 
a command word is stored in CAM at the address speci- 
fied in the CAM—ADDR field of the command word. 

The CAM address in the DATA— WRITE command 
(CAM—ADDR) is selected to be the address of an 
empty word in CAM 62, or of a word which has no 35 
further use and can be overwritten. In the exemplary 
embodiment of the invention, all allocation and deallo- 
cation of^ memory locations is handled external to the 
memory system shown in FIG. 1. The address specified " 
in the CAM_ADDR field is also used as the segment 40 
address in the RAM 63 at which the extended data 
portion of the information is stored in RAM. Since the 
size and number of the EXTENDED DATA words 
associated with each CAM entry is fixed, the locations 
of the EXTENDED DATA words can be determined 45 
as offsets from a segment address generated from the 
CAM—ADDR field. In one exemplary embodiment of 
the invention, the segment address is generated by con- 
catenating two logic-zero bits in the least significant bit 
(LSB) positions of the CAM—ADDR value. This ad- 50 
dress points to the first EXTENDED DATA word in 
the RAM 63. Using this scheme, up to four EX- 
TENDED DATA words may be stored in the segment 
by incrementing this address value. This addressing 
scheme has the advantage that the extended information 55 
may be referenced using the address at which the data 
key information is stored. It is contemplated that other 
numbers of EXTENDED DATA words may be ac- 
commodated using similar addressing schemes. 

As mentioned, the CMD fields of FIGS. 2a, 2b, and 60 
2c each have eight bits. This allows for 256 distinct 
commands, not all of which are used, thereby allowing 
for expansion of the functions from those described. As 
described above, there are three commands, namely 
DATA-WRITE, MASK— WRITE, and COMPARE 65 
(search). Two bits are sufficient to convey these three 
commands. The value of the command field for a 
DATA WRITE "command is 0X01, where the prefix 



6 

"Ox" indicates hexadecimal notation. The value of the 
field for a MASK-WRITE command is 0X02, and the 
value of the field for a COMPARE command is 0x03. 

The CAM ADDR portion of the DATA_WRITE 

command word of FIG. 2a is eight bits, allowing for 
256 CAM addresses. If more than 256 CAM memory 
locations are desired, the number of bits in the CA- 
M—ADDR field must be greater than eight. The Com- 
mand field and the CAM address field of the command 
word of FIG. 2a together use sixteen bits. The remain- 
ing sixteen less-significant bits represent the key por- 
tions of the data being stored. It is this portion which is 
ultimately stored in content-addressable memory 62 and 
which is used for searching. 

When a DATA— WRITE command is specified by 
the Command field, the command is transferred as a 32 
bit word from the EDIO bus 12 to buffer 10. Next, the 
EXTENDED DATA words destined for the Extended 
data RAM 63 are transferred, one word at a time, from 
EDIO bus 12 of FIG. 1 to buffer 10 by repeated asser- 
tions of the Host- Write control signal on one of the four 
control lines of bus 12. The EXTENDED DATA 
words are applied in succession immediately following 
the word containing the DATA—WRITE command. 
The combination of the DATA—WRITE command 
and these EXTENDED DATA words forms one ex- 
tended information data packet (i.e. one database re- 
cord). The content of this packet depends upon the 
application for which the system is used. Thus, there is 
one leading 32-bit command word for every extended 
information packet, no matter how many 32-bit words 
the extended information packet may contain. 

The number of bits in each word of the EX- 
TENDED DATA may vary from one application to 
the next, but within one application, the number of bits 
is constant In a particular example of a CAM arrange- 
ment used for scheduling in a cable television environ- 
ment, packets of four 32-bit words of extended informa- 
tion are allowed^ 

FIG. 2b illustrates the format of a 32-bit MASK 

WRITE command word. This format is similar to that 
of the DATA-WRITE command. The CMD field is 
0x02, and the command further includes a sixteen-bit 
mask key field (MASK— KEY) extending from bit zero 
to bit 15. The portion of the MASK— WRITE com- 
mand from bit 16 to bit 23 is unused. When a MASK 

WRITE command is executed, a sixteen-bit mask is 
written, as described below, to a mask register internal 
to the CAM. The mask bits enable or disable the corre- 
sponding bits of the SEARCH— KEY described below, 
to effectively establish those bits which participate in 
the comparison operations. 

By specifying a MASK— KEY, a user may partition 
the search keys into active and inactive portions. A 
logic low or logic 0 (0) in a particular mask bit position 
means that the bit participates in a search or compari- 
son, while a logic high or logic 1 (1) means that the bit 
is excluded from participation in the search or compari- 
son. No information is written to the RAM 63 or into 

any of the data cells of the CAM 62 during a MASK 

WRITE cycle. A single write to buffer 10 of FIG. 1 
suffices to initiate a MASK-WRITE cycle. 

FIG. 2c illustrates the format of a 32-bit command 
word conveying the COMPARE command. As shown 
in FIG. 2c, this command includes a CMD field of 
0X03 and a sixteen-bit SEARCH—KEY field extending 
from bit 0 to bit 15. Bits 16 through 23 of this command 
are unused. When a COMPARE operation is executed, 
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information in the SEARCH—KEY field, as modified lowing the stored information to be read at its output 

by any mask information, is compared with each of the port in the same order that it was written. Data is writ- 

CAM memory locations. As described above, the bits of ten by applying the data to be written to the data input 

mask word, previously stored in the CAM 62 determine port, which in the case of FIFO buffer 20 is the IND 

which bits of the SEARCH—KEY information will 5 input port, and asserting the write control signal (the 

participate in the comparison. "input clock" for the FIFO) at input terminal INW, by 

If a match is found, in response to a COMPARE way of control line 12b. The control signal INW is 

command, between the masked SEARCH— KEY infor- switched from logic 1 to logic 0, and back to logic 1 

mation and the previously stored DATA— KEY infor- again, whereupon the 32 bit data value supplied via the 

mation, the address or addresses in the CAM 62 at 10 EDIO bus is stored in the next memory location of the 

which the corresponding DATA— KEY information buffer. 

are stored are produced as the output of the CAM. Reading is similarly accomplished by asserting a 

These addresses are then used as a segment index or READ— FIFOIN control signal on input INR by way 

address to access the EXTENDED DATA stored in of a control line MIB[31] of a microinstruction bus 

the corresponding segment of RAM, to retrieve the 15 (MIB), described in more detail below. In response to 

entire multi-word information associated with the this control signal, the oldest word currently stored in 

CAM words that matched the masked search key. The the FIFO buffer 20 appears at an output port, which in 

EXTENDED DATA words retrieved from the mem- the case of FIFO buffer 20 is designated ENQ, and on an 

ory 63 are then returned to the host processor (not output bus 14a 

shown) via the bidirectional I/O buffer 10 and the 20 Conventional FIFO memories or buffers provide 

EDIO bus. additional control signals, which are used as described 

This memory system effectively implements a con- below. One such control signal, which may be desig- 

tent addressable database. The relationship or associa- nated EMFTY— FIFO, indicates by a logic 0 level at the 

tion of the key information, as stored in the CAM 62, INEF output of buffer 20, and on control line 14c, that 

with the remainder of the database record, as stored in 25 the input buffer is empty. Another such control signal, 

the RAM 63, is maintained by firmware. The user reads which may be designated FIFO— FULL, appears at the 

the output data from buffer 10 until it is empty, to re- INFF output port of FIFO buffer 20 and on control line 

trieve all of the data in the memory system that is associ- 12c, and is used to indicate by an INPUT— FULL logic 

ated with the key, as masked by the provided mask 0 status that the buffer is full. 

value. 30 Another FIFO buffer 21 of FIG. 3 has its 32-bit out- 

The CAM internal structure provides for additional put port OUTQ coupled to the 32-bit data portion 12a 

bits referred to as Cell Control Bits, which are individu- of the EDIO bus, and receives data, designated 

ally programmable, to provide the ability to determine MATCH, DATA, at its 32-bit input port OUTD from 

whether or not a specific storage location participates in bus 14a FIFO buffer 21 also includes a control input 

any subsequent comparison operations. Two such Cell 35 port OUTR, which is coupled to EDIO bus control line 

Control Bits are Empty-Bit and Skip-Bit The Empty- X2d, to allow information stored in the buffer 21 to be 

Bit bit indicates that its associated storage location is full read by the host processor application of a logic 1, 

or empty, while Skip-Bit determines whether the associ- follo wed by a logic 0 and a logic 1, as described above. 

~ated storagelocatioh should participate in rthenext com- The FIFO buffer 21 also includes acontrol output port 

parison. The Skip-Bit is used when multiple matches are 40 OUTEF, which indicates by a logic 0 on a control line 

found in response to a comparison operation, to succes- 12* of bus 12 that the buffer is not empty and, so, may 

sively skip the locations to reach the next location at be read. 

which a match was found. The Skip-Bit can be used for Buffer 21 of FIG. 3 also includes a single-bit OUTFF 

controlling access to selected entries in the CAM and, control output terminal, which is coupled to an OUT- 

thus, to EXTENDED DATA words associated with 45 PUT— FULL control line 144 This signal indicates by a 

these entries. logic 0 that the buffer is full. When the signal OUTFF 

It is contemplated, however, that by adding com- is logic 0, no match data may be stored into the FIFO 
mands to set and reset the skip bits, this function of the buffer 21 until the host processor reads some of the 
CAM may be used to further classify data in the data- match data already stored in the buffer 21. Control 
base. One such classification, for example, may be to 50 signals to store data into the FIFO buffer 21 are pro- 
differentiate customers who have paid for pay-per-view vided by a single-bit control input port OUTW, which 
services from those who have not is coupled to a microinstruction control line designated 

FIG. 3 is a more detailed block diagram of bidirec- MTB24. 

tional input/output buffer 10 of FIG. 1. Elements of Together, FIFO buffers 20 and 21 of FIG. 3 act as a 

FIG. 3 corresponding to those of FIG. 1 are designated 55 bidirectional input-output buffer, designated 10 in FIG. 

by like reference numerals. In FIG. 3, buffer 10 includes 1. The combined effect of the configuration of FIG. 3 is 

a first-in, first-out (FIFO) buffer 20, which has its 32-bit that data from the EDIO bus is always written to FIFO 

input port IND coupled to a 32-bit portion 12a of the buffer 20, and data read by the user is always read from 

EDIO bus 12 of FIG. 1. A control input terminal, INW, FIFO buffer 21. 

of the FIFO 20 is coupled to a control line 126 of bus 12 60 Timing Generator and Synchronization (TGS) mod- 

to receive the HOST—WRITE control signal, and an ule 30 (U4) of FIG. 1 generates the appropriate electri- 

output input terminal, INFF, coupled to a control line cal control signals at the appropriate instants, so that 

12c, by which the INPUT— FULL signal may be pro- signals are transferred through the system in the proper 

vided by the FIFO 20 to the host processor (not manner. It also synchronizes the various control signals 

shown). 65 with a system clock. The controller can be implemented 

The FIFO buffer 20 operates as a conventional FIFO by various arrangements which are generally known to 

memory, requiring no address information, but simply those skilled in the art, and which are equivalent to the 

storing information provided at its input port, and al- structure described below. 
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In a specific embodiment of the invention adapted for 20 to provide one 32-bit word at its output port to the 
the above mentioned cable television programming bus 14a. 

system, Timin g Generator and Synchronization (TGS) In addition, the TGS module 30 generates a CMD 

module 30 is implemented as a 13*80*8 programmable LATCH control signal to transfer the 32-bit data word 
sequence generator using a Texas Instruments 5 from bus 14a to a command latch 31 and a data latch 32. 
PSG507M device, in which the "13" represents the The eight most-significant-bits of each word, represent- 
total number of digital signals which the device may ing the command, are routed to input port CL_D of 
receive, the "80" refers to the total number of distinct command latch 31, and the remaining twenty-four bits 
combinatorial logical AND operations which may be are routed to input port DL_ D of data latch 32. The 
performed under program control among the thirteen 10 lower four bits, designated CMD— TYPE, of the eight- 
inputs, and the "8" refers to the total number of digital bit Command field are in turn routed by a data path 433 
output signals which may be produced simultaneously. to input ports 10 through 13 of TGS module 30. In 

The TGS module 30 has an additional internal six-bit response to these signals, the TGS module decodes the 
binary counter, the state of which may be internally command to determine what type of action the user has 
monitored, for controlling the logical operations based 15 requested. The decoded request is then used to generate 
upon a particular count For example, the device may signals appropriate to the DATA— WRITE, MASK — 
be programmed as a finite state machine in which a WRITE, or COMPARE command. More system capa- 
particular sequence of logical outputs occurs for a given bility (i.e. a greater number of command types) may be 
set of input signals and successive count values. For achieved, if desired, by routing all eight bits of the corn- 
example, the TGS module may generate a logic 1 level 20 mand to the TGS module for decoding, 
on output Q7 whenever the internal counter reaches a Synchronization of the control signals with the sys- 
count of eight, if its 17 input port is at a logic 0 state. In tern clock for smooth transfer of data from input/output 
the exemplary embodiment, the TGS module is pro- buffer 10 of FIGS. 1, 3 and 4 to latches 31 and 32 begins 
grammed, as described below, using the ABEL lan- when the control signal EMPTY— FIFO undergoes a 
guage, available from DATA IO Corp. 25 transition from logic 0 to logic 1, indicating that the 

The TGS module 30 includes a conventional micro- input FIFO buffer 20 is no longer empty. The EMP- 
programmed sequencer. It generates control signals TY— FIFO signal on control line 14c is made synchro- 
which condition an internal read only memory, shown nous with the system clock on clock line 8 by genera- 
in FIG. 5 as EPROM 42, to provide control signals for tion, within TGS module 30, of a signal called Con- 
all of the other devices in the CAM memory system. 30 tinue— Processing (not shown). 

These control signals are provided via a 31-bit microin- The Contmue— Processing signal is asserted to a logic 
struction bus (MIB) 49. In the materials that follow, a 1 level on the first rising edge of the system clock (SY- 
particular signal on the microinstruction bus is referred S_ CLK) received at input port 10 after the EMP- 

to by its number. For example, MIB[31] indicates the TY—FIFO signal becomes logic 1. The Continue 

thirty-first control signal provided via the micromstruc- 35 Processing signal remains a logic 1 until the input FIFO 
tion bus MIB. 30 of the input/output buffer 10 is empty, as indicated 

In FIG. 4, the 32-bit data output bus 14c of input/out- by a transition to logic 0 of the EMPTY—FIFO signal. 
_ put.buffer. IQAs subdivided, _with_the rightmost signifi- T^ejContinue— Processing signal is usedJ>y_TGS mod- 
cant bits (MSBs), carrying the Command field and the ule 30 to continue reading instructions and data from 
twenty-four least-significant bits representing a data 40 the input/output buffer 10 until no more data are avail- 
field. The FIFO empty control signal EMP- able to be read from buffer 10 for processing. Once the 
TY— FIFOIN is coupled from the INEF port of input- Continue— Processing signal becomes logic 0, the TGS 
/output buffer 10 by way of control line 14c to input module waits until the signal EMPTY— FIFOIN again 
port 18 of TGS module 30. The read control signal input becomes logic 1 before starting the process again, 
port INR of input/output buffer 10 is coupled by con- 45 In response to the Continue— Processing signal be- 
trol line MIB[31] to the READ— FIFOIN output port corning logic 1, TGS module 30, on the next positive- 

QOof TGS module 30. The latch enable signal CMD going transition of the system clock, simultaneously 

LATCH is coupled from the Ql output port of TGS asserts both the READ— FIFOIN and the CMD — 
module 30 to the latch enable (LE) ports of latches 31 LATCH control signals from a logic 0 to a logic 1 level, 
and 32 by way of a path 19. 50 The READ— FIFOIN signal is held at logic 1 for one 

Latches 31 and 32 transfer their input signals to their period of the system clock, and the CMD— LATCH 
output ports when the LE port is raised to a logic 1 signal is held at logic 1 for two periods of the system 
level, which is often referred to as a "transparent" mode clock. When the READ— FIFOIN signal is returned to 
of operation. When the LE input signal transitions from a logic 0 level after one system clock period, the logic 1 
the logic 1 level to the logic 0 level, the output signal is 55 to logic 0 transition causes input/output buffer 10 to 
held until the next time the LE input signal again be- transfer the stored 32-bit data to its INQ output port, 
comes logic 1. By this configuration, the TGS module When the CMD— LATCH is returned to a logic 0 
may control latches 31 and 32 at the appropriate time to level after two system clock periods, which is one clock 
temporarily store the command and data portions of a period after the READ_FIFOIN signal becomes logic 
word from input/output buffer 10. 60 0, the logic 1 to logic 0 transition causes latches 31 and 

Whenever data words are written into bidirectional 32 to latch the data currently at their input ports, with 
input/output buffer 10 of FIGS. 1, 3 and 4, the control the most significant eight-bit byte latched to command 
signal EMPTY— FIFOIN becomes logic 1 indicating latch 31, and the three less-significant bytes latched to 
that data is available to be read. This control signal is data latch 32. 

coupled to TGS module 30. TGS module 30 recognizes 65 Thus, two system clock cycles after a non-empty 
the control signal as indicating that action is required, buffer condition is detected, data is transferred from 
and responds by generating the READ— FIFOIN con- input/output buffer 10 to latches 31 and 32, the data in 
trol signal. This control signal causes the FIFO buffer latch 31 represents command information, and the data 
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in latch 32 represents data to be stored, mask or compar- tion of the signal TABLE— CLK following a transition 

ison information. Further, two system clock cycles after of TABLE ENB to a logic 0 state. When ROM 40 is 

a non-empty buffer condition is detected, four bits of enabled, the signal at the CIR— Q output port represents 

the command are available to the TGS module 30 for the starting address in the microinstruction EPROM 42 

decoding to determine the command type. 5 of the instructions that implement the command code 

Referring to FIGS. 1 and 4, the eight-bit command provided via the eight-bit CIROM—ADDR signal, 
data stored in command latch 31 is collectively desig- The relative timing of the TABLE FN** and the 
nated CIROM—ADDR, and is coupled from the output TABLE-CLK signals is established by the TGS mod- 
port of latch 31 by way of a data path 33 to address ule 40, which asserts TABLE— ENB to a logic 1 level 
input port CIR — A of a command index ROM 40 (U6)» 10 on the next positive-going transition of the system clock 
shown in FIG. 5. The least significant four of the eight signal following the assertion of the Continue__Process- 
bits (the four LSBs) stored in command latch 31, collec- m g signal to a logic 1 state. The sig nal TABLE— ENB 
tively designated CMD— TYPE, are also applied by is held at logic 1 for three system clock periods, and 
way of a data path 433 to four of the thirteen input ports then returned to the logic 0 level. On the positive-going 
available on TGS module 30. ROM 40 is a look-up 15 transition of the fifth system clock pulse after the Con- 
table. In response to a command type, as indicated by tinue— Processing signal becomes logic 1, the signal 
the signal CIROM— ADDR, it provides a starting ad- TABLE— CLK is held at a logic 1 state for one system 
dress of a block of microinstructions stored in EPROM clock cycle, so that it returns to the logic 0 level on the 
42 (U10) which implement the command. positive-going transition of the sixth clock pulse. 

When ROM 40 is addressed by the command type, 20 In the circuitry shown in FIG. 5, the command index 

the starting address corresponding to that command is ROM 40 is disabled while its address input value is 

applied from the CIR-Q output port of ROM 40, over i atc hed and stabilized on input data path 33. Dur- 

bus AS to the input port AC_D of an address counter 41 in g the next system clock cycle following stabilization 

(U8). Functionally, ROM 40 and address counter 41 0 fthe address lines, output port CIR_Q is enabled, and 

work together to produce a series of consecutive ad- 25 on fo t fifth dock pulse the data which is resident in the 

dresses, starting with the address stored in the memory ROM at ^ specified address data is emitted on the 

location accessed in ROM 40 by the .command word. positive-going transition of the TABLE— CLK control 

The count is controlled by TGS module 30. signaL The sixteen-bit data word at output port CIR-.Q 

The sequence of address values for a each decoded ^ i oa( j e< j mt0 address counter 41 during the sixth clock 
command are produced at the AC— Q output port of 30 

address counter 41 and are applied to the address input M men tioned above, the purpose of address counter 
port of the microinstruction erasable programmable 41 of mG 5 ^ to p r0 vide a sequence of memory ad- 
ROMCEPROM) 42. The sequence of addresses causes dresseS} starting at a selected count, for application to 
EPROM 42 to step through a series of rmcroinstruc- microinstruction EPROM 42, by which microinstruc- 
tions The microinstructions, m turn, generate the com- 35 tion EPROM 42 produces the microinstruction control 
mand-specuic control signals required to complete the 5 ^ nals needed to Element the requested command, 
requested mstruction. In the exempkry embodiment of Address 41 has four distmcl modes of opera- 
te mvendoii, the^ mstructions perform a data write, ti a counting.mode, a reset mode, a hold mrte^and- 
mask write, or compare function. a load mode. 

Each user command is ultimately ^associated with or 40 fc ^ countin mode , each logic 0 to logic 1 transi- 

5£*P?5 * u £? ue ™& or „ bl °ck of address* of tion of the b t clock ^ mcrem ents by one the 

EPROM 42 Wien a c^mmand-repre^nteUve address 5inar ^ ou ^ ut ^ch appears at the AC_Q output port 

is applied to the CIR-A input port of ROM 40, it pro- of ^ J ter 41 ^ t «^ et mode> the output Ware 

duc^ a single sixteen-bit starting address on its output ^ ^ ^ hdd mod ^ ^ remains 

port CIR^Q for apphcatoon over bus 46 to address 45 constant In the load mode, the bit pattern apphed to its 

counter 41, and counter 41 steps through 32 counts to m AC _ D ^ ^ erred to ^ outpuYport. The 

sequentially produce, on a data path 47, a block of 32 ^ mode of 41 b Z^h^ by 

pp^i ^Tf, ^ L P u e T? two control signals, which are the LOAD signal ap- 

EPROM42issequentiall> ^ add^s^ by me increment- Ued to ±e L » from ± 45fl ^ the 

mg addresses from counter 41, hereby producing a 50 hoLD_CNT signal applied to the hLc input terminal 

sequence of 32-bit words at its output port for apphca- ^ Qm ^ ^ 

tion toamicro^truction bus (MIB) 49 The operating mode of address counter 41 in re- 

*Z? y t St ' m ^signal SYS^CLK,js sponse to the control signals LOAD and HOLD_CNT 

apphed over path 8 to mput port 10 of TGS module 30. i^g^ m Table !. 
An enable mput control signal, TABLE— ENB, is pro- 55 

duced at the Q2 output port of TGS module 30, and is TABLE 1 

applied over a control line 44a to the enable input port 
Es of command index ROM 40. A signal, TA- 
BLE— CLK, is produced at the Q3 output terminal of 
TGS module 30, and is applied over a data path 44b to 60 
the Cp input port of ROM 40. The signal TA- 
BLE— CLK is used to sequence the command index 

ROM 40 in conjunction with the TABLE-JENB signal. The sixteen-bit beginning address of a sequence is 

The output port CIR__Q of ROM 40 is disabled on loaded into the AC— D mput port of counter 41 from 

the first logic 0 to logic 1 transition of the TA- 65 the output port of the command index ROM 40 by 

BLE— CLK signal following the transition of the TA- assertion of logic 0 levels on both the L and H— C in- 

BLE—ENB signal to a logic 1 state. The port CIR— Q puts. Once the starting address is loaded, the counting 

remains disabled until the first logic 0 to logic 1 transi- mode is started by raising the H_C input to a logic 1 
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level. The sixteen-bit output count addresses EPROM FIG. 6 shows the address and data selector 69 in more 
42, and the address changes with the leading edge of detail. In FIG. 6, the sixteen-bit DATA KEY field 
each system clock pulse. Thus, a new microinstruction arriving over data path 34 from data latch 32 of FIGS, 
control word is accessed in EPROM 42 during each 1 and 4 is applied to a PORTA input port of a data 
successive system clock cycle, until counting by 5 selector 61, which is part of address and data selector 
counter 41 ceases. 69. The eight-bit CAM—AJDDR information arriving 

The duration of counting by counter 41 is determined over data path 35 from data latch 32 is applied to a 
by TGS module 30 in response to the four-bit field PORT1 input port of an address selection latch 60, 
CMD— TYPE applied to its 10-13 input ports (where the which is also part of address and data selector 69. The 
hyphen represents the word "through"), and TGS mod- 10 PORT2 input port of address selector 60 receives the 
ule 30 asserts its control by way of the LOAD and least significant byte (eight least significant bits) of the 
HOLD—CNT signals. Each unique command results in output of CAM 62 (the MATCH—ADDR signal) over 
a different number of effective clock ticks of address a branch 70a of the bus 70. 

counter 41 before the counter is placed in the hold In the FIGURES, CAM 62 is also designated UT. 
mode, which thus results in addressing a different num- 15 The MATCH—ADDR signal is the output of CAM 62 
ber of microinstruction control words being provided when a match is found between stored information and 
by EPROM 42. comparison information with which it is compared. 

During the seventh system clock cycle following Address selector 60 is essentially a multiplexer having a 
stabilization of the address lines applied to command transparent and a latched mode of operation, which 
index ROM 40, the command provided by the user is 20 couples either the CAM_ADDR at its PORT1 input or 
read and decoded. The decoded instruction is translated the MATCH—ADDR at its PORT2 input to its PORT3 
into a sequence of microinstruction control signals pro- output. The function performed by the address selector 
vided by EPROM 42, for application to the remaining 60 is determined by the microinstruction control signals 
circuitry in the CAM memory system over microin- 25 AS— LATCH and AS— SEL applied via the MIB[8] and 
struction bus (MIB) 49. MIB[9] control lines, respectively. A logic 1 input to 

The microinstruction bits produced by EPROM 42 the AS_SEL input port of address selector 60 directs 
depend upon its prograniming, which allows the de- the PORT1 CAM_ADDR input to the PORT3 output 
scribed system to be implemented with other types of port, and a logic 0 level directs the PORT2 MATCH- 
CAMs, simply by changing the program in an appropri- 3Q —ADDR input to the PORT3 output, 
ate manner. Thus, simply by knowing the parameters The AS— LATCH signal applied to the address selec- 
required for a CAM device, die micro-program Instruc- tor 60 over the MIB[9] path acts as a latch or an enable 
tion EPROM can be programmed to provide the de- signal, so a logic 1 level on the AS_LATCH allows the 
sired parameters. Furthermore, additional commands bit pattern of PORT3 to change to match the pattern at 
may be implemented in the EPROM 42 with corre- 35 PORT1 or PORT2, as determined by the state of the 
spending starting addresses being added to the com- AS— LATCH input, while a logic 0 level prevents a 
mand index ROM 40 and corresponding instruction change or latches the current output. During a 
counts being implemented in the TGS module 30^ DATA— WRITE request, address selector 60 directs 

In operation, upon receipt of a DATA — WRITE the CAM— ADDR signal to its PORT3 outputTand~ 
command in the Command field of an input packet ^ during a compare-information request it directs the 
conforming to system requirements as illustrated in MATCH—ADDR signal to its PORT3 output. 
FIG. 2a, TGS module 30 decodes the Command field as The eight-bit PORT3 output of address selector 60 is 
described above, and the system is directed to the start- coupled, by a data path 72, to the least-significant byte 
ing address of a block of microinstructions in EPROM of the sixteen-bit value applied to the PORTB input of 
42 which implement the DATA— WRITE command. 45 data selector 61. The most-significant byte portion of 
In FIG. 1, the signal latched to the outputs of data latch this sixteen-bit value is connected to the least-significant 
32 is in two parts, the sixteen LSBs, the DATA— KEY byte of the 32 bit microinstruction produced by 
bits, and the eight MSBs, the CAM— ADDR bits, which EPROM 42 on MIB bus lines MIB[0:7]. 
represent the destination CAM address and the starting Data selector 61 of FIG. 6 receives the sixteen-bit 
or segment address of the extended memory. The 16 50 DATA— KEY information applied over data path 34 at 
DATA— KEY bits are applied over a data path 34 to the its PORTA input port, as mentioned above. Data selec- 
A input port of an address and data selector 69 (US). tor 61 is functionally similar to address selector 60. 
The eight CAM— ADDR bits are applied over a path 35 More particularly, data selector 61 transfers either the 
to the B input of address and data selector 69, where information at its PORTA or its PORTB input ports to 
they are concatenated with additional eight bits from 55 its PORTC output port, depending upon the state of a 
MIB bus 49. As described below, these additional bits control signal SO applied to its SO control input port 
define specific commands for the CAM 62. from MIB bus 49 bit line MIB[17]. When a logic 1 level 

Address and data selector 69, responsive to signals is applied to the SO input port, data selector 61 couples 
provided by the MIB 49, selects a sixteen-bit address the DATA— KEY information from its PORTA input 
from the A or B inputs, and applies it by way of its 60 port to its PORTC output port when a logic 0 level 
output port C to a bus 70. The selection is necessary, as applied to the SO control input port, the data selector 
described below, because extended data RAM 63 (U9) 61 couples, to the PORTC output port, the signal ap- 
stores information packet(s) at locations specified by the plied to the PORTB input port. An enable/disable sig- 
CAM— ADDR field. During a comparison, however, nal is applied from bit line MIB[16] to the DS— OE 
the address at which the corresponding extended infor- 65 control input port of data selector 61. The data bits at 
mation is to be found for retrieval of the extended infor- output port PORTC are enabled for change when the 
mation is derived from a different location, and the DS_OE signal is in the logic 0 state, and they are 
particular source "must be selected. latched or disabled when DS_ OE is logic 1. 



04/12/2004, EAST Version: 1.4.1 



5,438,535 

15 16 

Functionally, the arrangement of data selector 69, at its EIR— OUT output port for application over data 

including address selector 60 and data selector 61, per- path 16. 

mits the CAM— ADDR field output of data latch 32 to FIG. 8 is a representation of the digital format of the 
become the MAPPED— ADDR address used by the EXTENDED_ADDR word applied to extended data 
extended data RAM 63 during a DATA— WRITE re- 5 RAM 63 of FIGS. 6 and 7 by way of data path 80. In 
quest, but to use the address of the matched data key FIG. 8, the ten-bit EXTENDED— ADDR address 
outputted from the CAM 62 as the MAPPED— ADDR word is divided into two sections, the most-significant 
input to the extended data RAM during a compare- eight-bit portion of which is designated EXTEN- 
information request D— SEGMENT, and the two least-significant bits of 
Naturally, the specific instructions commanded by 10 which are designated EXTEND— INDEX. The EX- 
EPROM 42 depend upon details of the CAM structure, TEND—SEGMENT portion of the address is used to 
but EPROM 42 can be programmed to handle a wide reference individual blocks of memory in the extended 
variety of CAMs. In a particular embodiment of the ^AM 63. There are 256 such blocks of memory in 
invention, an Advanced Micro Devices Corp. type RAM 63, but of course the number of blocks of memory 
Am99C10A chip is used as the CAM device, the techni- 15 could increased so long as the number of address bits 
cal data of which appears in their 1992 CMOS Memory were mcreased ( or number of words in each block 
Products Databook. In FIG. 6, the CAM 62 is illus- were decreased) to accommodate the increased number 
trated as having an input/output port CAM-IO cou- ° f blocks The EXTCND-INDEX portion of the ad- 
pled to bus 70, match indication output terminal 72, on ^ "J* °, 8 * t0 reference mdmdual 32 
which a MTCH signal appears, and an output terminal 20 blt words within each segment Since there are only 
74 at which a FULL signal is provided. In addition, . such m ^ exemplary embodiment of the in- 
CAM 62 has a D_C control input coupled to MIB[19], «*r four 32 bit words can be accessed in each 
a W control input coupled to MIB[20], a G control bl °^ . but ^ *™ b * J^ 50 * ™ ,B * * *T 
input coupled to MIB[21], and an E control input cou- „ . D ^|Am^T /T 1 1 

setting E to a logic 0 (L), D C to a logic 1 (H), G to a ^ where ^ determined number of words so M 

logic 1, and applying a negative-going puke transition 3Q ferTed constitutes ^ extended data portion of one ex- 

(a clock input signal) to the W input port T^e CAM is irf ormation data ket ^ the^bove mentioned 

configured to the command write mode by control ^ embodiment, microinstruction EPROM 42 per- 

signals E=L, D_C=L, W=C, and G=H, whereupon forms ^ f 0 u 0 wing tasks in a sequential manner 

the data transferred to the CAM in the input data mode j Configure data selector 61 (FIG. 6) to transfer data 

tt^^S « ^ at a location Spedfied ba ^ CA ' 35 from its PORTA input port to its PORTC output 

M— ADDR field. v port by assertmg logic 1 on terminal SO via MIB[17]. 

In FIG. 6, the extended data RAM 63 has a ten-bit 2 . Enable the output of data selector 61 by assertmg a 

EBR — ADDR input port coupled to bus 70 for receiving logic 0 on terminal DS-OE via MIB[16]. This places 

a segment address, andalso has a 32 bit EIR-IN input DATA-KEY information on bus 70 and at CAM 

port coupled to bus 14 for receiving extended informa- ^ 52 I/O port CAM— IO. 

tion for storage. A pair of control input terminals desig- 3. Configure CAM 62 to the input data mode by setting 

nated WE (write enable) and Cs (chip select) couple the e=L, D_C=H, W=C, and G=H. At this point, 

RAM 63 by way of MIB[26] and MIB[27], respectively, the 16-bh DATA-KEY is loaded into the CAM 62. 

to microinstruction EPROM 42. RAM 63 also has an 4< Configure address selector 60 to route the CA- 

EIR-OUT output port, which is coupled by way of 45 M— ADDR signal, applied to its PORT1 input port, 

data line 16 to I/O buffer 10. t0 its PORT3 output port, by asserting a logic 1 on 

FIG. 7 is a more detailed block diagram of extended terminal AS-SEL via MIB[9], then latch the value at 

data RAM 63 of FIG. 6. In FIG. 7, RAM 63 includes an the PORT3 output port by applying a logic 0 to the 

extended address counter 50 and an extended data AS— LATCH tenninal. 

RAM unit 51. The MAPPED— ADDR signal is applied 50 5. Reconfigure data selector 61 to couple data from its 
over bus 70 to an EACJD input port of extended ad- PORTB input port to its PORTC output port, by 
dress counter 50. Extended address counter 50 also applying a logic 0 to the SO terminal via MIB[17] 
receives system clock (CLK), Load, and Hold— Cnt while leaving the DS— OE signal at logic 0. This 
microinstruction control signals by way of MIB[23], results in transfer of the PORTB input signal to out- 
MIB[28], and MIB[29] control lines, respectively. Ex- 55 put port PORTC, where the PORTB signal is the 
tended address counter 50 functions much like address eight-bit CAM— ADDR field in the least significant 
counter 41 of FIG. 5, and the method of operation is not byte of PORTB, with the most-significant byte sup- 
repeated here. In general, extended address counter 50 plied by the least significant byte of 32-bit microin- 
receives the current value of MAPPED— ADDR, and struction bus 49 (i.e. MIB[0:7]). The sixteen-bit corn- 
increments the count at each system clock pulse for a 60 bination, now designated MAPPED— ADDR, has 
predetermined number of counts, to produce a mono- CAM— ADDR in the EXTEND— SEGMENT field, 
tonically incrementing ten-bit address, which is applied and is applied by way of bus 70 to the CAM— IO port 
from the EAC-Q output port by way of a data path 80 of CAM 62. 

to the EER — ADDR input port of an extended data 6. Configure microinstruction bits on bus 49 MIB[0:7] to 

RAM unit 51. RAM unit 51 includes a 32 bit extended 65 represent a store command for CAM 62, which for 

data input port EIR— IN coupled to data path 14, WE the example would be 0XE0. This value becomes the 

and Cs control input ports coupled to MIB[26] and more significant byte of the sixteen-bit MAP- 

MIB[27], respectively, and produces stored information PED— ADDR. 
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7. Set CAM 62 to the command write mode by setting 
E=L, D_C=L, W=C, and G=H on MIB[19:22] 
respectively. This step results in the storage of the 
DATA— KEY field in CAM 62, at the location speci- 
fied by the CAM_ADDR field. 
At the end of the seven steps set forth above, the 

DATA-KEY field is stored in CAM, but the extended 
information must still be stored. This is accomplished by 
the following steps: 

8. Disable the CAM device by setting its control signal 
E to a logic 1. 

9. Configure the extended address counter 50 of FIG. 7 
to the load mode by setting its Load and HOL- 
D—CNT inputs logic 0. In this mode the counter 50 
transfers and latches the eight-bit MAP- 
PED— ADDR value concatenated with two logic O's 
in the least-significant bit positions to its output port. 

10. Set the control inputs of the extended address 
counter 50 to the count mode by setting the signal 
LOAD to logic 0 and the signal HOLD— CNT to a 20 
logic 1, whereby the clock input causes the EXTEN- 
DED— ADDR applied to extended data RAM unit 
51 to increment. 

11. Assert MIB[31], which is connected to the READ 
control input port of I/O buffer 10. to cause the first 25 
of four 32 bit words of an extended information 
packet to be read. 

12. Configure the extended data RAM 51 to the 
WRITE mode by first asserting WE to logic 0 by 
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to CAM 62. The contents of the Comparand register are 
then presented to all the CAM storage sites in parallel 
fashion. If a match is found between the search key and 
the previously stored data keys, the extended data 
packet associated with each matching data key is re- 
turned to the user. If multiple matches are found, a 
plurality of extended information packets are placed in 
the I/O buffer. The placement of information into the 
I/O buffer is accompanied by assertion of a logic 0 
OUTPUT— READY signal on control line Vie of the 
EDIO bus, which thus indicates a discovered match of 
the data. Microinstruction EPROM provides the spe- 
cific instructions to carry out the compare-information 
request 

1. Configure data selector 61 to transfer data from its 
PORTA input to its PORTC output by applying a 
logic 1 to its SO input terminal. This prepares the 
SEARCH— KEY portion of the compare-informa- 
tion request for transfer to CAM. 

2. Enable the output of data selector 61 by asserting 
DS— OE to a logic 0 level. 

3. Disable extended data RAM 63 by asserting to a logic 
1 level its Cs control signal port. 

4. Configure CAM 62 by setting its four control ports 
E=L, D_C=H, W=C, and G=H. 

In the described exemplary embodiment, the configu- 
ration performed in step 4 of the compare-information 
request as described also initiates a comparison cycle 



,„ , ^rwrDri^i iiu,,,^ w„ o ~rJu a „• , n between all the previously stored DATA— KEY fields 

way of MIB[26], followed by a transition of the signal 30 nAuan .Lu a. i„c*_«~c~^ at?. 



Cs (MIB[27]) from logic 1 to logic 0 and back to logic 
1. This transfers data from input buffer 10 to the 
memory location specified by the ten-bit EXTEN- 
DED— AI3DR field. 

13. Increment the extended address counter by asserting 35 
its Clk input from logic 0 to logic 1. This prepares 
extended data RAM unit 51 to accept data into the 

_ next 32 _bit_wprd location within Jfoe_same segment. 

14. Repeat steps 11, 12, and 13 three more times, to 
thereby transfer to the extended data RAM the three 40 
additional 32 bit extended information words. 

The incrementing of the address causes the 32 bit 
words in each segment of RAM to be addressed sequen- 
tially. Each new EXTEND—SEGMENT field of FIG. 
8 references a new extended information packet within 45 
RAM 51. 

Retrieving data from the system of FIGS. 1 and 3-6 
is accomplished in much the same manner as that de- 
scribed above for writing, because the user interface is 
constant. A user simply places commands into input 50 
buffer 10, and the system, sensing a non-empty buffer, 
fetches commands and related information from the 
buffer and processes it. The timing and control signals 
produced by TGS module 30 are the same for both the 
writing and the reading sequences, with the only differ- 55 
ences arising after control is transferred to microin- 
struction EPROM 42. Retrieving data is accomplished 
by the compare-information command. 

In general, when a COMPARE command occupies 
the most-significant byte of the 32-bit information 60 
packet in I/O buffer 10 of FIGS. 1 and 3, the least-sig- 
nificant sixteen bits are used as a search key, as de- 
scribed in conjunction with FIG. 2c Thus, in response 
to a COMPARE command, the system searches the 
data previously stored in the CAM 62 for copies of the 65 
search key. The data keys are modified by mask keys, 
also previously stored. The current search key is stored 
in a Comparand register (not shown), which is internal 



which reside in CAM 62 with the just-presented SEAR- 
CH—KEY field. These comparisons are performed in 
parallel. 

If no match is found after step 4, TGS module 30 
disables address counter 41, to suspend the addressing 
of microinstructions in EPROM 42, which effectively 
terminates the compare-information cycle. If a match is 
found by CAM 62 between the SEARCH-KEY and at 
least one of the DATA^JCEYs, the MTCH output port - 
of CAM 62 asserts a logic 0 on control line 72, which is 
coupled to TGS module 30. TGS module 30 responds 
by allowing address counter 41 to continue counting 
and addressing EPROM 42, thereby producing addi- 
tional microinstructions to continue the compare-infor- 
mation processing. Additionally, CAM 62 gates the 
address, in the CAM 62 of the first matched DA- 
TA-KEY to its CAM-IO port and to bus 70. The 
steps and associated microinstructions which are al- 
lowed in order to continue the compare-information 
request are: 

5. Disable output port PORTC of data selector 61 of 
FIG. 6 by asserting DS—OE to a logic 1 level on 
MIB[16]. This maintains the current CAM address 
during steps six and seven, below. 

6. Configure address selector 60 of FIG. 6 to route data 
from its PORT2 input to its PORT3 output by apply- 
ing a logic 0 value, on MIB[9], to the AS-SEL termi- 
nal. This routes the match address from CAM 62 
through PORT2 to PORT3. 

7. Latch the data currently at the PORT3 output of 
address selector 60 by switching its AS— LATCH 
input port from a logic i to a logic 0 level. This action 
also causes the address of the most recently matched 
word from CAM 62 to be latched and available at the 
PORTB input of data selector 61. 

8. Disable CAM 62 by asserting control signal E to a 
logic 1 level. This has the effect of holding the CAM 
state while the current match address is processed. 
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9. Enable output PORTC of data selector 61 by apply- data latch 32 is segregated into an eight-bit byte which 
ing a logic 0 value, via MIB[16] to the DS-OE tenni- is applied to data path 35, and a sixteen-bit portion of 
nal. lesser significance, which is applied to data path 34. The 

10. Configure data selector 61 to transfer data from its MASK_KEY appears on sixteen-bit path 34 at the 
PORTB input to its PORTC output by asserting the 5 output of data latch 32. The MSB portion on data path 
SO signal on MIB[17] to a logic 0 level. The least-sig- 35 is not used, because it is blocked by the control states 
nificant byte of which is latched at the PORTC out- of the data latch. The sixteen-bit MASK—KEY is ap- 
put of data selector 61 is the starting address of the plied from data path 34 to the PORTA input port of 
EXTEND—SEGMENT portion of the address in data selector 61 of FIG. 6. The eight-bit CAM-ADDR 
extended data RAM 63 at which the extended data 10 field on data path 35 is coupled to the PORT1 port of 
corresponding to the matched data is stored. address selector 60. The most significant eight-bit byte 

11. Assert a logic 0 on MIB[28] (Hold— Cnt) and Load of PORTB of data selector 61 receives signal over 
MIB[29], to cause the extended address counter MIB[0:7] from the least significant byte of the 32 bit 
(FIG. 7) to load the extended data starting address output of microinstruction EPROM 42. 

from bus 70. 15 During the MASK— WRITE cycle, the microinstruc- 

12. Place the extended address counter 50 in its count- tions cause the system to transfer the data presented to 
ing mode by leaving the Load signal on MIB[29] the PORTA input of data selector 61 into the internal 
logic 0, and setting the Hold— Cnt signal on MIB[28] mask register of CAM 62. The specific tasks of the 
logic L Extended address counter 50 will now count described embodiment, and the associated instructions, 
each time the CLK signal on MIB[23] goes from 20 are: 

logic 0 to logic 1 and back to logic 0. 1. Apply a logic 1 level, via MIB[17] to the terminal SO 

13. Read extended data RAM 51 by setting control to configure data selector 61 to couple data from its 
signal WE on MIB[26] to a logic 1 and control signal PORTA input port to its PORTC output port 

Cs on MIB[27] to a logic 0. The 32-bit EXTENDED 2. Assert a logic 0 signal, via MIB[16], on the terminal 

DATA word corresponding to the data matched in 25 DS— OE to enable the output of data selector 61 to 

CAM appears at Match .. Data— Out data path 16, and change to the new bit configuration, 

is applied to the OUTD input port of FIFO buffer 21 3. Configure CAM 62 to the input data mode, and trans- 

of FIG. 3. fer the data present on bus 70 to the CAM, by apply- 

14. Write the 32-bit EXTENDED DATA word from ing to the CAM input ports E=L, D_C=H, W=C, 
Match— Data— Out data path 16 into FIFO buffer 21 30 and G=H, using the same convention described 
by setting the OUTW signal on MIB[24] from logic 1 above. 

to logic 0 and back to logic 1 again synchronous with 4. Configure address selector 60 to route its PORT1 
the system clock signal. This writes the first one of input signal to its PORT3 output port, by applying a 
the 32-bit words from extended data RAM 51 into 1/0 logic 0 to AS— SET, via MIB[9], followed by switch- 
buffer 10 of FIG. 1. This is accomplished in three 35 ing the AS— LATCH signal on MIB[8] from a logic 1 
successive control words provided by the PROM 42. to a logic 0 level. 

15. Increment extended address counter 50 of FIG. 7 by 5. Configure data selector 61 to transfer data from its 
asserting its CLK input from logic 0 to logic 1 and PORTB input to its PORTC output by setting the SO 

" back to logic 0 on MIB[23]. The incremented address signal on"MIB[17] to a logic 0 levelr The LSB portion - 

appears on data path 80. 40 of the PORTB input signal is the eight-bit CA- 

16. Repeat steps 13 to 15 three more times to read the M_ ADDR field, and the eight-bit MSB portion of 
reniaining three 32-bit EXTENDED DATA words the PORTB input signal is the eight-bit LSB portion 
associated with the matched CAM data, and to load of the microinstructions, which appear on MIB[0:7]. 
them into I/O buffer 10 of FIG. 1 ready for retrieval. 6. Set the bits on MIB[0:7] to represent the MASK 

17. To determine if CAM 62 has found any more 45 WRITE instruction required by CAM 62, which for 
matches than the one for which the extended data the described example is 0x30. This makes the corn- 
was just retrieved, the CAM is enabled by applying a mand for writing to the mask register of CAM 62 
logic 0 as the E control signal on MIB[22], and the available on its input port CAM— I/O. 
command is issued by the PROM 42 to set the Skip- 7. Command CAM 62 to write into the internal mask 
Bit cell control bit, associated with the address which 50 register by the write mode command on MIB[19:22], 
was just matched, to logic 1. This action disables this more specifically by setting E=L, D_ C=L, W=C, 
particular DATA— KEY location from participation and G=H, pursuant to the above mentioned conven- 
in a match. In the case of multiple matches, the output tion. CAM 62 then writes the MASK— KEY to its 
of CAM 62 will now reflect the address of the next internal mask register in accordance with the corn- 
matched address, or if there are no further matches, 55 mand originating on MIB[0:7] 

the MTCH output signal placed on data path 72 by A content-addressable memory as described in con- 

CAM 62 will become logic 1. junction with FIGS. 1-8 may be used as a real-time 

18. If the MTCH output signal of CAM 62 is still logic event scheduler or dispatcher. This may be accom- 
0 after step 17, then repeat steps five to seventeen, plished by making the DATA— KEY fields represent 
otherwise quit 60 specific times, such as starting and/or ending times of 
The write-mask cycle begins when the user places a specific programs. 

MASK_WRITE command in the CMD field of an For example, a specific time may be 12:30 AM. The 

input packet, in the format illustrated in FIG. 2b. TGS data which is stored in extended data RAM is data 

module 30 decodes the CMD field as described above, associated with the program which is to start or end at 

and directs the system to the starting address of a block 65 the particular time, such as the title, the channel on 

of microinstructions in microinstruction EPROM 42 which it is to be broadcast, its status (playing, stopped, 

which, in concert, implement the MASK— WRITE queued, etc.), and its program identification number. As 

command. Referring to FIGS. 1 and 4, the output of a particular example, the CAM may contain the sched- 
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uled start and stop times of programs which are to be 
broadcast over a video network. A collection of related 
data (i.e. a database record), which may be used to 
describe a specific one of the television programs, may 
be described as a Structure in the C progra mmin g lan- 5 
guage as: 



struct broadcast—program { 

short start-time; /• start and end times of program •/ 
short end time; 10 
short program id; /* program identification number */ 
short physical— src— location; /• program address */ 

short address_on_jsrc; /* on media V 

short broadcast—channel; /* channel of broadcast */ 

char status; /* playing, stopped, queued, etc. */ 

char address in CAM /* used this address in the CAM •/ 15 
char appUcation_specific_storage[2]; 
struct database *program_database: /* pointer to more V 

/* about program */ 

>; 

Where a "short" is a sixteen-bit entity, and a "char" is 20 
an eight-bit entity. 

The "start^time" and the "end_time" values are 
stored in the content-addressable portion of CAM 62 in 
the form of DATA— KEY information. The remainder 
of the information associated with or relating to the 25 
programs is stored in the extended data RAM as two 
extended information data packets. The first of the ex- 
tended information data packets relates to program start 
time, and the second relates to the program end time. 

An exemplary program scheduling system which 30 
uses an embodiment of the invention is shown in FIG. 9. 
In FIG. 9, a scheduling computer 902 which is coupled 
to an operator console 904. Using the console 904, an 
operator, for example the program manager of a cable 
television station, may enter a schedule for programs to 35 
be broadcast over the network. This schedule is stored 
in the content addressable memory 906, as described 
above. _ 

The programs that are to be broadcast may originate 
from a satellite feed such as 909 and 911 or from a tape 40 
cartridge player such as 908, 910 and 912. Each of the 
tape cartridge players may hold multiple programs, 
each on a separate tape. 

As shown in the exemplary database record, each 
program is identified by three fields, program -id, 45 
physical_src_location and address— on— src. The first 
field simply identifies the program, the second field, 
physicaL_src— location, identifies the source of the pro- 
gram. In the described embodiment, this may be any 
one of the satellite feeds or tape cartridge players. The 50 
third field, address— on src, identifies a particular pro- 
gram which may be provided by the source. In the case 
of a tape cartridge player, this may be a particular tape 
cartridge or even a particular tape count value on a 
particular tape cartridge. On a satellite feed, this address 55 
may be a particular satellite transponder. 

In operation, the content addressable memory system 
906 is loaded by a scheduling program from the sched- 
uling computer 902 which may, for example, be a per- 
sonal computer. The scheduling program uses 60 
DATA—WRITE commands, to store all the television 

programs for a particular period of time. The HOST 

WRITE input control signal is attached to the interrupt 
control line of a real-time clock. The real-time clock 
periodically, for example once per minute, generates an 65 
interrupt, which places the current time or a time some- 
what in advance of the current time on the EDIO input 
bus. The Command field of the input data is set for 



continuous Compare-Information requests, for compar- 
ing the current time with the stored time. This allows 
continuous comparison of the current time with the 
starting or ending times of all the stored programs, and 
identification of those which are required to start and 
stop at the current time, without any intervention by a 
scheduling computer 902. 

When a time is provided to the memory 906 which 
corresponds to the start or stop time of one or more 
programs, the memory 906 automatically returns the 
database records for the programs to the scheduling 
computer 902. In response to this data, the computer 
902 causes one tape cartridge player (e.g. player 908) to 
stop playing the program and causes another tape car- 
tridge player (e.g. player 910) to simultaneously start 
another program. Each of these cartridge players is 
identified in the respective returned database record. As 
shown in FIG. 9, all of the possible sources are coupled 
to a multiplexer 914. The scheduling computer 902 also 
controls the multiplexer 914 to determine which of the 
signals is to be passed on to the cable. In simplified 
system shown in FIG. 9, only one cable channel is illus- 
trated. It is contemplated, however, that an actual sys- 
tem may include equipment for many more cable chan- 
nels and have a content addressable database which 
holds a relatively large number of records. For maxi- 
mum flexibility, each source would be coupled to a 
plurality of multiplexers, each multiplexer correspond- 
ing to a different cable channel. 

Other embodiments of the invention will be apparent 
to those skilled in the art. For example, while 32-bit 
command and EXTENDED DATA words have been 
described, other numbers of bits may be used, and dif- 
ferent numbers of bits may be used for the command 
and the EXTENDED DATA words, and the number 
of bits may even differ among the EXTENDED 
DATA words themselves. The number of bits allocated 
"within" the command word to the various fields, such" as 
the Command field, the CAM— ADDR field, and any of 
the KEY fields, may differ from those described, de- 
pending upon the specifics of the application. 

Furthermore, the function performed by microin- 
struction EPROM 42 of FIGS. 1 and 5 may be per- 
formed by any type of ROM or nonvolatile memory, 
instead of an EPROM. The CAM system may be used 
for other applications than the above described schedul- 
ing. For example, in the case of books, page numbers or 
subject indices may be stored as DATA— KEY informa- 
tion, with the page or subject stored as extended data, 
thereby allowing quick retrieval of information based 
on page or subject. Similarly, compressed audio or 
speech fragments may be stored as DATA— KEY infor- 
mation, with extended passages of the associated audio 
message stored as extended information. In a video 
context, storing the video frame numbers as DA- 
TA—KEY information and the associated video frame 
as the extended data allows instantaneous access by 
frame number, rather than requiring sequential access 
by incrementing frames. 

Furthermore, it is contemplated that the allocation 
and deallocation of database records may be accom- 
plished internal to the content addressable memory 
system. In one exemplary scheme, the host processor 
may issue a DEALLOCATE command, specifying a 
search key. The CAM memory would find all instances 
of the search key and change them, in the CAM mem- 
ory 62 to a value, for example, zero, which indicates 
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that the CAM entry is available. Instead of specifying a 
CAM address in a DATA— WRITE command, the 
exemplary system would only specify a DATA—KEY. 
Prior to storing the data, the CAM memory system 
would search the CAM MEMORY 62 for an available 5 
entry and store the DATA— KEY entry in the first such 
entry that is returned. 

While the invention has been described in terms of 
exemplary embodiments, it is contemplated that it may 
be practised as outlined above within the spirit and 10 
scope of the appended claims. 

The invention claimed is: 

L A memory system for holding a plurality of blocks 
of data, each of said blocks of data including a key 
portion and an extended portion, and for fetching said 15 
extended portion of said blocks of data from memory in 
response to a search key, said system comprising: 
means for storing the key portion of each data block 
into a content addressable memory (CAM) at a 
respective predetermined address; 20 
means for storing the extended portion of each of said 
blocks of data into a further memory, at an address 
derived from the respective predetermined ad- 
dress; 

means for searching the CAM using the search key, 25 
wherein, when the search is successful, the CAM 
provides an address value corresponding to the 
search key; 

generating a starting address value in the further 
memory from the address value provided by the 30 
CAM; 

fetching the extended portion of each of said blocks 
of data stored in the further memory at the starting 
address values. 
2. A content addressable memory system, for writing 35 
data including a key portion and an extended portion, 
and for reading said extended portion in response to a 
search key in association with said key portion of said 
data, said system comprising: 
an addressable random access memory portion, each 40 

datum of which is identified by a location address; 
a content-addressable memory portion, including a 
plurality of memory data organized into words, 
each of said words of said content-addressable 
memory portion being identified by a CAM word 45 
address; 

writing means coupled to said random access mem- 
ory and to said content-addressable memory for 
writing said key portion of said data into said con- 
tent addressable memory at a selected address of 50 
said content-addressable memory, and for writing 
said extended portion of said data into said address- 
able random access memory in a segment of data of 
said random access memory which begins with a 
segment address which corresponds with said se- 55 
lected address at which said key portion is written 
into said content addressable memory; and 
reading means, coupled to said random access mem- 
ory and to said content-addressable memory for 
retrieving data from said random access memory, €0 
said reading means including: 
means for simultaneously searching at least a por- 
tion of said data of said content-addressable 
memory in which said key portion of said data is 
stored for a match between said key portion of 65 
said data and at least a portion of a search key, to 
identify the address of at least one of said se- 
lected addresses of said content-addressable 
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memory at which a match is found, and for pro- 
viding the identified address as an output address 
value; 

means for addressing said segment of data of said 
random access memory which begins with said 
address of said one of said selected addresses of 
said content-addressable memory at which a 
match is found, and 

means for reading said extended data associated 
with said key portion which is matched with said 
portion of said search key. 

3. A system according to claim 2, wherein said read- 
ing means comprises extended address counting means, 
coupled to said random-access memory, for receiving a 
starting address of said segment of data, and for deter- 
mining a plurality of addresses within said segment of 
data beginning with said starting address. 

4. A system according to claim 3, wherein: 

said starting address is obtained by concatenating N 
zero- valued bits to the output address value in less 
significant bit positions, where N is a integer; and 

said plurality of address values within said segment 
are determined by incrementing said starting ad- 
dress value 2 N — 1 times. 

5. A method for writing a block of data into a mem- 
ory said data block including a key portion and an ex- 
tended portion, and for fetching said extended portion 
of said data from memory in response to a search key, 
said method comprising the steps of: 

storing the key portion of the data block into a con- 
tent addressable memory (CAM) at a predeter- 
mined address; 

storing the extended portion of the data into a further 
memory, at an address derived from the predeter- 
mined address; 

searching the CAM using the search key, wherein the 
CAM provides the predetermined address when 

_ the search key matches the key portion; 
_ generating~a starting" address ^value in the further 
memory from the predetermined address provided 
by the CAM; 

fetching the extended portion of the data stored in the 
further memory at the starting address values. 

6. A method according to claim 5, wherein the block 
of data is provided to the CAM and to the further mem- 
ory as a single command, without intervening com- 
mands. 

7. A method according to claim 6, wherein the block 
of data provided to the CAM and to the further mem- 
ory is a database record. 

8. A scheduling system for executing a predetermined 
set of events in a preset sequence comprising: 

a scheduling computer for receiving information on 
the events to be scheduled, wherein information on 
the events is received in an order different from 
said preset sequence and wherein the received 
information for each event includes a time data 
value indicating when, in the preset sequence, the 
event is to occur; 
a content addressable memory system, coupled to the 
scheduling computer, including: 
means for storing the time data into a content ad- 
dressable memory (CAM) at a predetermined 
address and for storing the information in an 
auxiliary memory at a corresponding address 
determined from the predetermined address; 
means for receiving a further time data value gen- 
erated while executing said predetermined set of 
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events from the scheduling computer and for 
returning, address values in the CAM of all time 
data values which match the received further 
time data value; 
means, responsive to the returned address values 
for deterrnining the corresponding addresses in 
the auxiliary memory, and for fetching the infor- 
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mation stored at the corresponding addresses; 
and 

means for providing the fetched information to the 

scheduling computer; and 
means, responsive to the fetched information, for 

executing the events represented by the fetched 

information. 
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